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It provides lithium manganese complex oxide 
with the grape fringe-like particle shape which 
has the precise and uniform composition which 
was excellent in filling property as an electrode 
active material, the method of cheaply 
manufacturing this without a pulverization 
process or a repeating heat treatment process, 
the positive electrode active material using this 
lithium manganese complex oxide, and the 
highly efficient lithium secondary battery using 
this positive electrode active material. 



~tty^?&{YM\%, L i Mn 2 

o 4 Lmmm<D- 

~1 0 0 /xm, itmvfcWO. 
1 ~ 1 0m 2 /gt'fe5, rti&r 



[PROBLEM TO BE SOLVED] 

Lithium manganese complex oxide related to 
this invention has LiMn 2 0 4 as a main 
component, and has the second-particle shape 
in which the almost spherical primary-particle 
shape is gathered in the shape of a grape 
fringe, and the median sizes of this 
second-particle shape is 1 to 100 micrometer, 
and specific-surface-area is 0.1-10m 2 /g. 
It manufactures a lithium secondary battery, 
using this as a positive electrode active 
material. 



[CLAIMS] 



nmm 1 ] 

±$#/5>L i Mn 2 0 4 Xh 

~ 1 0 0 n rru Jt^SH^O. 
1~1 OmVgtfeS:^ 



[CLAIM 1] 

Lithium manganese complex oxide, in which the 
principal component is LiMn 2 0 4 , and it has the 
second-particle shape in which the almost 
spherical primary-particle shape is gathered in 
the shape of a grape fringe, and this second 
particle diameter is 1 to 100 micrometer, and 
the specific-surface-area is 0.1-10m 2 /g. 
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[CLAIM 2] 

Lithium manganese complex oxide of Claim 1 , 
in which said primary particle diameter is 0.1 to 
0.2 micrometer. 



1 0 0 ~ 3 0 0 m V g ^ t^I 
5 0 a mWT^l«W-^ 

m+mytzG-tz £ --mi-* 

^5 <b £ L i /M n O^/Ht 0 . 

5o~o. 6 oT-s^-a-r-s 
nut. mu&mzvit-v^ 

500-90 o°cx*m%±m 
ti-zv^t^ytfym&m 



[CLAIM 3] 

The manufacturing method of lithium 
manganese complex oxide which is constitute 
of the process where the wet blending of the t - 
manganese dioxide which has crystal-form 
e-Mn02 by a X ray diffraction method as a main 
component, and the specific surface area is 
100-300m 2 /g and had the second-particle 
shape of the grape fringe whose particle 
diameter is 50 micrometer or less, and the 
water-soluble lithium compound, is 
carries out by the molar ratio 0.50-0.60 of Li/Mn, 
and the process where it heat-processes at 500 
- 900 degrees C after drying this mixed liquid so 
that said particle shape of lithium manganese 
complex oxide may be maintained. 



[I»*«4] 

W^iIlX(i2^IE^ 



[CLAIM 4] 

(D ]) f- The battery positive electrode using lithium 
r> J*-^ytf yW.-n-Mikyo, ~£ti manganese complex oxide of Claim 1 or 2, or 

lithium manganese complex oxide obtained by 
the manufacturing method of Claim 3 as a 
-a Mit^ZJE^f^^o'M. t LTffl positive electrode active material. 



Umm 5 ] [CLAIM 5] 

ff^il 1 Xfe 2 \zMWl<D y <f- The lithium secondary battery using lithium 

£ A-r yDV^^W^M-, t.tc manganese complex oxide of Claim 1 or 2, or 

fi, ffjfcil 3 ^ISi!cCOSi?fe^<t lithium manganese complex oxide obtained by 
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•9 #£>tifc V Av^^I the manufacturing method of Claim 3 as a 
-o ^b^^riE^S^W t LTffl positive electrode active material. 



2 OmAh/gai, Xlt 2 0 



[CLAIM 6] 

A lithium secondary battery of Claim 5 which is 
the coin battery at least whose initial-stage 
discharge capacity is 120 mAh/g or more, or the 
discharge capacity maintenance factor or the 
20th cycle exceeds 80%. 



[DETAILED DESCRIPTION OF THE 
INVENTION] 



[000 1] 



[0001] 



2>0 



[TECHNICAL FIELD OF THE INVENTION] 

This invention relates to lithium manganese 
complex oxide useful as an active material of a 
lithium secondary battery, its manufacturing 
method, and the lithium secondary battery using 
it. 



[0 0 0 2] 



[0002] 



<DL i Mn 2 0 4 -<£>L 
i M n 2 0 4 itl^MM n <D^M t 



[PRIOR ART] 

Lithium manganate which is lithium manganese 
complex oxide is expressed with General 
formula LixMn Y 0 4 , and liMn 2 0 4 of the spinel 
structure is the typical. 

This LiMn 2 0 4 attracts attention as a cheap 
positive-electrode material for lithium secondary 
batteries since the LiMn 2 0 4 reserves as 
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t t^b^Mtt y ^ # i^ZL&lliftil resources of a raw material Mn is more than Co. 



[0 0 0 3] [0003] 

7s fc°;fc/i/fl$ig<Z) L i M n 2 0 4 LiMn 2 0 4 with the spinel structure has a smaller 

fi> MtyiWk<ny theoretical density compared with the lithium 

hB&fl^^ y ^^i* — y ^MSfc cobalt oxide and lithium nickel oxide with layer 

ft $5 fc)t Sfra^S :6 s >h £ structure, and its theoretical electric capacity is 

<> Iffel^i^/J^^o - small. 

(D&^l^^ikWfa<nffi$sliit L It is disadvantageous at this point as an active 

Tfiy f^i^/^/u h^b^j^ material of a high capacity battery compared 

]) A^y^rjv^t^!ltit^< with a lithium cobalt oxide or a lithium nickel 

^FfiJ"Cfo5 0 L iMn 2 oxide. 

0 4 <D^tAtt£±tf Then, in order to raise the filling property of 

J%ty\£fefflL&t£Mik^>tfyifi LiMn 2 0 4l the precise manganese oxide has 

ffiffl^tit^fco LfrLfZffi by been used for a composition raw material. 

— ^ffi\£WiffiEZJ&X*<D&$,X However, generally, by composition by a solid 

fi, #flJ55c0^fig^j$:t#5^ phase reaction, it is thought that it is more 

nM^X^^WW^WMfr^Ri advantageous to use the fine raw material 

•fS^^W^J t £tiTV^ c which is not precise for obtaining the composite 

of a uniform composition. 

[0 0 0 4] [0004] 

Z-tDffiteWL&fabs LiMn 2 From such a viewpoint, in composition of 

0 4 (D&j&lz.&\/^Xfe^$X*1& LiMn 2 0 4 , the method where it uses manganese 

^Oifc^l^^jtf Vfl^feSrJ^ compound which is precise and whose particles 

Pet !&&3[^&lrtWJ&#& are large as a raw material, by repeating heat 

1 X\3itg:tikti*ffi< > processing and mechanical pulverization, it 

jfe&EScfci^J— &L i Mn 2 0 4 £:# obtains LiMn 2 0 4 whose filling property is high, 

S^Efc^fflV^fejxTl^S and in addition, the composition is uniform is 

H:4#P*I¥ 8-2 9 2 1 ^n)o used (for example, 

Unexamined-Japanese-Patent Heisei No. 

8-2921). 

[0 0 0 5] [0005] 
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However, since the shape of the lithium 
manganate obtained by the manufacturing 
method of the past becomes un-uniform and the 
fluidity is bad, it is difficult to obtain a precise 
LiMn 2 0 4 electrode layer with it. 
Moreover, the handling with the 
electroconductive agent at the time of electrode 
production and with a binder at the time of 
mixing is bad, and uniform mixing is difficult. 



[0 0 0 6] 

— # % L i Mn 2 0 4 it, Mn 3+ 

5 (0Rtf4£H¥l 1-711 

1 5^a) 0 



[0006] 

On the other hand, LiMn 2 0 4 has problems, such 
as the badness of the cycle property that the 
phase transition by the Jahn Teller effect of 
Mn 3+ is considered to be the cause, and an 
elution to the electrolyte of Mn at high 
temperature. 

The different type element substitution of Mn is 
proposed for the purpose of these 
improvements (for example, 

Unexamined-Japanese-Patent Heisei No. 
11-71115). 



[0 0 0 7] 



[0007] 

Different type element substitution lithium 
manganate suppresses a yarn teller distortion, 
and reduces the elution amount of Mn, and 
improves a cycle property. 
However, for that, to be a uniform composition 
more is required. 



[0 0 0 8] 



[0008] 



[3§Wa*fi?&LJ;9 b~rZ>W$; [PROBLEM TO BE SOLVED BY THE 
JH] INVENTION] 

#3§$Hi, WMfeyo'X.k LT3fc This invention makes it a problem to provide 
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lithium manganese complex oxide with the 
grape fringe-like particle shape which has the 
precise and uniform composition which was 
excellent in filling property as an electrode 
active material, the method of cheaply 
manufacturing this without a pulverization 
process or a repeating heat treatment process, 
the positive electrode active material using this 
lithium manganese complex oxide, and the 
highly efficient lithium secondary battery using 
this positive electrode active material. 



[0 0 0 9] 



[0009] 



1 Mn 2 0 4 (D&J&mnt LT- 

®mz.®.m&tix^5 y -Mn 

0 2 m^y^ym 

LT#ibti5Mn 2 0 3 left* 
T, tbill^ 1 0 0~3 0 0 

m V g wiwaw 5 

o u msxTnmmmvwn+M 

tK«r*rf3 £ -Mn0 2 



[MEANS TO SOLVE THE PROBLEM] 

The present inventors repeated earnest 
research so that they should attain the 
above-mentioned objective. 
As a result, by replacing with Mn 2 0 3 obtained by 
heat-processing of y-Mn0 2 or manganese 
dioxide currently generally used as a 
composition raw material of LiMn 2 04, and 
mixing t -Mn0 2 which has the particle shape of 
a grape fringe whose specific surface area is 
100-300m 2 / g, and the average second particle 
diameter is 50 micrometer or less, and a 
water-soluble lithium compound, it finds out that 
the lithium manganese complex oxide formed 
by the specific method forms the second 
particle which has a specific shape and the 
dimension, lithium manganese complex oxide 
which has a specific particle size in the shape of 
a grape fringe is excellent in operativity etc. at 
the time of electrode production, and the 
nonaqueous-solvent type lithium secondary 
battery which uses this lithium manganese 
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^fcHv^fcHU ;$38WSr^fifc& complex oxide shows excellent the 
•tirfco charge-and-discharge property, and it 

completed this invention. 



[0 0 10] 

■ffcfr^ *%W<DV ^>>A-7 

LiMn 2 0 4 t'i)l KJ3tSiJB 

m~7km-®& 1 ~ 1 0 0 n 

m, ttmmfetfO. 1~1 0m 2 
0 . 1 ~ 0 . 2 m mifi^T* 



[0010] 

That is, the principal component of lithium 
manganese complex oxide of this invention is 
LiMn 2 0 4 . 

It has the second-particle shape in which the 
almost spherical primary-particle shape is 
gathered in the shape of a grape fringe, this 
second particle diameter is 1 to 100 micrometer, 
and the specific-surface-area is 0.1-10m 2 /g. 
In lithium manganese complex oxide of this 
invention, it is good that micrometer said 
primary particle diameter is in about 0.1 to 0.2 



[0011] 

immm\z.£zm&M £ -Mn 

0 2 &£f$.ftk ujt^sai 0 

0 ~ 3 0 0 m V g ^ 5 0 

%L i /MnCD^/HtO. 5 0 

~ o . 6 0 •zm&M&'t z> tm 



5 0 0 ~ 9 0 0 tt'lilt?) 



[0011] 

Moreover, the manufacturing method of this 
invention is constituted of the process where 
the wet blending of the t -manganese dioxide 
which has crystal-form £-Mn02 by a X ray 
diffraction method as a main component, and 
the specific surface area is 100-300m 2 /g and 
had the second-particle shape of the grape 
fringe whose particle diameter is 50 micrometer 
or less, and the water-soluble lithium 
compound, is carries out by the molar ratio 
0.50-0.60 of Li/Mn, 

and the process where it heat-processes at 500 
- 900 degrees C after drying this mixed liquid so 
that said particle shape of lithium manganese 
complex oxide may be maintained. 



[0 0 12] 



[0012] 
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£fc, Moreover, the battery positive electrode which 

>'tfyW.i3^ik^&lEW:fl5$)W was excellent in the charge-and-discharge 

t Ltfflv^tS • 2&11#l4(£>fl6 property is producible using lithium manganese 

titzWi^%lEW> : fci / E!$&*tZ> ^ t complex oxide based on this invention as a 

# 5 "C# <5 D positive electrode active material. 

[0 0 13] [0013] 

£ h ^ ^fEEffifS^KSrffl Furthermore, a lithium secondary battery can be 

X y J*^kWfa%:\1 L ^tZ) produced using said positive electrode active 

ZbfcX%, zi4>Wfafcfoo material, and as for a coin battery, the 

Tfi, 'Pte< t h$}M1&W>^ik nonaqueous-solvent type rechargeable 

^12 OmAh/gfti, Xlt lithium-ion battery at least whose initial-stage 

2 01M 2 ^^(Dl&MM^Wgf discharge capacity is 120 mAh/g or whose 

0 %J^±Tfc5^7K$?$£ discharge capacity maintenance factor of the 

^ ]) ^ ^A^tyn^tl?r^ 20th cycle is 80 % or more is producible. 

[0014] [0014] 

immomMmm] [embodiment of the invention] 

^^O!) 3 m $J*~ t ?>'jfyfcG' Although the chemical composition of lithium 

^ik$d(Dit:¥ffli}$te, ^ffcftft manganese complex oxide of this invention is 

L i Mn 2 0 4 frbfeZ) ^ t characterized that a principal component is 

Wttlr&fr, rtL(i> made up of LiMn 2 0 4 , this means that it is good if 

ffl L^cX^lHltFfElO fcT— ^ J the peak of a X-ray-diffraction figure in which a 

C P D S (Joint committee on powder is used is the same or equivalent to 

powder diffraction standards) : LiMn 2 0 4 shown in JCPDS(Joint committee on 

No. 35-782 {z?jk £ ti& powder diffraction standards): No. 35-782. 
L i Mn 2 0 4 k-%kLXtem%f 

xhtntx^\ 

[0015] [0015] 

£fc, ^A^y^/ Moreover, as for the lithium manganese 

yl^ Mit^it, Efej$^5rBuf£ complex oxide of this invention, the principal 

L i Mn 2 0 4 t L> ^(DMI&fe component is said LiMn 2 0 4l as for the form, 
1 ii mf^fc&v^^ft— the fine primary particle which is less than 1 
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^ifi— yjtf&rf-^k i^TVi) micrometer forms the convergence unit of 1-100 
X 1 — 1 0 0 u mm(7)M|ji micrometerm with the second particle diameter 

£«LTl^ 0 mSrfi^il (median size). 

^it^^llf^tUi\ If this is observed with an electron microscope 

^ttJQStJtelitacai^SriKlftF to etc., it turns out that the while each first particles 
oH^ffc-CfeS— ftJBt?J(2tKl£ maintains a homogeneous globular form 
fcV^Tt^i^tio^c^^M^:© roughly, and as for the second-particle shape 
M&teffiiiVtf& : $: : fc'i~?>ZLk& which is an aggregate, it has the proper 
¥fJ5 0 i~t£t>hs H$t&<Di%—f£ combined state of the shape of a grape fringe 
— Ifc&^fcM&tZlkXM&lrZ) whose granule was equal, 
w t J: 5 x ~&^Pf*l&S# That is, when primary particles with a uniform 
^<D&l^~&3|£^|£T\ J£jW particle diameter gather by a proper number, a 
Jlog^&M^t££ftoTl^ second particle is the uniform particle diameter 
<5 C ^ <DWMVt<D&b whose particle size distribution is good, and 
J&^F-tefitfS ^7^1) /3>0. constitutes a homogeneous and natural fringe 
1 ~ 0 . 2 ix mgS©»T* shape. 

h&Zk ffiOf-^ Lv\ ^(7) <£ 5 As for the primary particle which becomes the 
&Mff2tSwttt£(;iJ; 19, flE^CD base of this fringe shape, it is desirable that 
iES^^Wi: LTffiV^^^n particle diameters (median size) are the 
fev^T, ^SifcttMffitu t£3£tc micropartides which are about 0.1 to 0.2 
tstt micrometer. 

^^PXfi— ykMLT) fc^FWtt^(D Due to such fringe form characteristics, when 
hOlzit^XWL^t^f^^nWM^ using as a positive electrode active material of a 
Mf$X%Z> 0 s^s Ky V battery, it excels in filling property, the particle 

?ft&iftX\ ^WLffl^ffi^mfflk shape and particle diameter (the primary 
<DfB&ifii&~ t & <5 G ^ftffr^ particle or second particle) in the past can form 
K!i y^^[p]±(^(i±(c x a precise active-material layer compared with 

an irregular thing. 

r t RU^(DM^^^m Moreover, handling is good, and mixing with an 
VtXhZ> ^ <t ^^^i"5 0 electroconductive agent and a binder becomes 

uniform. 

Mainly having a second particle diameter whose 
particle size distribution is good, and that the 
shape is a grape fringe-like contribute to an 
improvement of filling property or handling. 
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[0016] [0016] 

ifc^&S^KJl£ffM Furthermore, 0.1-10m 2 /g of a specific surface 

i~<5 i $)lklfMfllK$ott <5Mn area is good and 0.1-5.0m 2 /g is more preferable 

W^fctJ^rflbN^^ Jt with the objective in order to form a precise 

0 . 1 — 10 m 2 / g active-material layer and make the elution of Mn 

J; < , 0 . 1 ~ 5 . 0 m V g to be the minimum at high temperature. 

<£ 9 Ll\, ^^l^t^ct 5— Lithium manganese complex oxide with a small 

lfc&^&ib^^&X*ik%.\§\$i& specific surface area and whose the second 

/J^V^y^^A-r^^f particle diameter is in the shape of a grape by 

{fc^tillffiS^St t LX(D$.Ri this invention has a large charge-and-discharge 

B#(-^E^®^i/5^# <> 1M capacity at the time of the use as a battery 

^/i^^Fttlciffi^LfcZl^fll^^tt active material, it can obtain the secondary cell 

51i^t#2)o —Alltel excellent in the cycle property. 

~1 0 0 /zmUMtt iV^ A secondary particle diameter may be 

#\ ^co^^!5ia^^< 1 ~ 7 distributed over 1 to 100 micrometer. 

0 il m (d^^^-a ^ £ ifi i 9 £f However, it is more preferable that the range is 

£ Ll\> narrowly distributed over 1 to 70 micrometer. 

[0 0 17] [0017] 

*^^©y ^$J*^l/jfl/ifc& The manufacturing method of lithium 

Wi\^<DW&3Jfe\ts ¥ffe<D$L manganese complex oxide of this invention is 

M&Z^irZ) e -IL^ik^ytf that it carries out the wet blending of £ - 

ytykMHV ^it^^J^Wf manganese dioxide which has the shape of a 

^WfF^^S^l^L, SSiH-p* specific grain shape, and the water-soluble 

^J3r> WM^wit^—^it^y^ lithium compound at fixed ratio, and it carries 

y(D&1&1(k&%$]&LX&$iLti out heat-processing this blend, after drying 

fiMS-f 5 ^ t while maintaining the grain shape of said 

5 o manganese dioxide of a raw material. 

[0 0 18] [0018] 

FwfE t —m&ik^yJfyits X As for the said f - manganese dioxide, if the 

^[njJf&tciS^p^^^ £ -M crystal form according to a X ray diffraction 

nO 2 ^fo9>:S:ffc^-fiX|&0 method is e -Mn0 2 , and the peak of a 

#f[§3 (D J CPDS : N X-ray-diffraction figure is specific to or 

o. 3 0- 8 2 0C/T^ti5f equivalent to £-Mn0 2 shown in JCPDS:No. 

-MnQ 2 \Z-$tLXnffl%fX* 30-820, it is good. 
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W&fe, «©L iMn 2 0 4 (D 
5 7 -Mn0 2 ^-Mik-r^tf 

^55 otyioai-ei^ 



That is, the manufacturing method of this 
invention is not what it used Mn 2 0 3 obtained by 
heat-processing the v-Mn0 2 and manganese 
dioxide by the electrolytic synthesis method and 
the chemo-synthesizing method which are used 
as a composition raw material of LiMn 2 0 4 of the 
past at the temperature of 550 degrees C or 
more as the raw material. 



[0 0 19] 

fit, JtSffiSlflS 1 0 0 ~ 3 0 0 
m 2 /gJ*l/< fil 5 0-2 
0 0 ra 2 / g-cfcD, 

as 1 0 0m 2 /g*^-ete7k^ 

i*i:^-4»^4i:5r 
4:, Xt^^fiJtL iMn 2 0 4 ©l 
«jJS*«UM**«l«F"T?t ft < ft 

Wo y f- * A 

iMttlfe £ # 5 - i # "C * ft V \ 
JtMW 3 0 0 m 2 / g 

<ft>9, S^£±#;£U< ftl\, 

ft Jt#fc -5 v > 
&g£ft0#*L<ftV\, 



[0019] 

Moreover, as for said e-manganese dioxide, the 
specific surface area is 100-300m 2 /g, and 
preferably it is 150-200m 2 /g. 
The average second particle diameter is 50 
micrometer or less, preferably it is 30 
micrometer or less. 

If a specific surface area is under 100m 2 /g, the 
un-uniform part arises at the time of a wet 
blending with a water-soluble lithium 
compound, and it becomes impossible for the 
shape of LiMn 2 0 4 to maintain in the shape of a 
grape fringe, and it cannot obtain lithium 
manganese complex oxide with the uniform 
composition which is the objective of the 
invention. 

On the other hand, if a specific surface area 

exceeds 300m 2 /g, it will become difficult to deal 

with it by scattering etc. 

It is not desirable on manufacture. 

Moreover, if it the uses the thing whose average 

second particle diameter exceeds 50 

micrometer, in order not to cause the 

sedimentation of a manganese compound in a 

water slurry, more powerful churning or a 

pulverization process is needed, and it is not 

desirable. 
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mm^ t 
iuajRSr^c**, mm* 



[0020] 

Said e- manganese dioxide forms precipitation 
typically by aerating the ozone gas which 
contains oxygen in a manganese-sulfate 
aqueous solution, and oxidizing Mn ion. 
It is producible by performing filtered 
separation, rinsing and drying this precipitation. 



[0 0 2 1] 



[0021] 

As a water-soluble lithium compound which it 
uses for this invention, it can mention the lithium 
carbonate, lithium hydroxide, a lithium 
hydroxide monohydrate, etc. 
However, lithium hydroxide or the lithium 
hydroxide monohydrate whose solubility to 
water is large is more preferable. 



[0 0 2 2] 

L i /Mn<D^/WtT*0. 5 0 
~0. 6 0t*fc^ ^L<I4 
0. 5 1~0. 5 5X*h& 0 0. 

5 o*i©l^, v^$j±~<ik 
WMk Lit k % <DftWcW&&<o 

tt* 3 i 5 1M * ^ 

fc*3|*#i UL i WfflL 

L i /Mn<D^7W£^0. 6 0 
J: •J*tl^»&fiL i Mn 2 0 4 
£WO±J«»,«*.tfL i 2 Mn 



[0022] 

The mix ratio of said e- manganese dioxide and 
a water-soluble lithium compound is 0.50-0.60 
in the molar ratio of Li/Mn. 
Preferably it is 0.51-0.55. 
In the case of less than 0.50, cycle degradation 
of the charge-and-discharge capacity when 
considering it as a lithium secondary battery is 
large, and good battery property is not shown. 
This reason is considered because Li is acting 
as 3rd component as reported on the 
improvement of the cycle property by adding 
3rd component. 

Moreover, when the molar ratio of Li/Mn is 
larger than 0.60, products other than LiMn 2 0 4 , 
for example, Li 2 Mn0 3 is formed, and the pure 
part of LiMn 2 0 4 falls, it becomes the cause of a 
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03^4^L>L iMn 2 04©S decline of battery capacity, and it is not 
WM®MSZ>1&TB desirable. 



[0 0 2 3] [0023] 

MdMiiti&iDXy V — SISfiL The slurry concentration of a wet mixed liquid 

ilSWo. 48-4. 8 mo can be from 0.48 to 4.8 mol/L of Li raw 

l/Ls Mnl^o. 5 0~ materials, and 0.50 to 10.0 mol/L of Mn raw 

10. Omo l/Lt«tl/\ it materials. 

lEfiSH J: ^MS^i^V^Kj— jg When the concentration is higher than said 

&\z&\t*fflfcfiti*&& kteZo range, strong churning power for homogeneous 

X, f^R^SBOTSo hyy" mixing is needed. 

j^WM £: & 9 L < &V\, m Moreover, it becomes the cause of a trouble of 

IHfEia £ 9 #t S#M£v ^ t ^3StK the piping blockade at the time of drying and it is 

£*#i#JnU ftjft3^h*s± not desirable. 

^<9$?^ L< frv\, If the concentration is lower than said range, 

evaporation water amount will increase, the 
drying cost goes up and it is not desirable. 

[0 0 2 4] [0024] 

Mfi^ii^ftMS^Jiu ifE®J Said drying method can be used spray drying, a 

JlftftL feftiatfcSfciSL foSV^ fluidized bed drying, roll granulation drying, or 

ftWf&&fgk&^$kXlti&ifyiS t t> lyophilization seperately or in combination. 

i£T{£ffl"^#5o fei^£r;*:M It heat-processes a dried product in 

^T^^a*t*So Mi5 0 atmospheric air. 

0~ 1 0 0 0^©fllLi!£"C— Heat processing can be performed at the 

MT^l^^ <fc!9#*L< temperature of 500 - 1000 degrees C at 

ft 7 0 0 — 8 5 0 °Cfc X V \> 5 one-time heat processing. 

0 0 XZfcffi-eft-*? ZstflsiJc&Va However, more preferably, 700 - 850 degrees C 

t V 7 V Aft^«ORlSaJ+» is good. 

T*&V\> 1 0 0 0°C^ix.fcf If it is less than 500 degrees C, the reaction of a 

-o\ ^ 9 manganese compound and a lithium compound 

^^^T^<^ J 9, is not enough. 

Oi^t)©l:/ioT L£ When 1000 degrees C is exceeded, sintering 

9 0 takes place and it becomes impossible to 

maintain the second-particle shape of this 
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invention. 

It will become a thing with a bad battery 
property. 



[0 0 2 5] 

"COHJEflS 3 . 9-4. 1V£ 
^TU 1 2 OmAh/gto 
UlMli^tU 2 0t>f 
^ S (D^m£{k& 2 0 %^T 



[0025] 

When producing a lithium cell by letting lithium 
manganese complex oxide compounded by the 
above as a battery positive electrode using as a 
positive electrode active material, and using Li 
metal as a negative electrode, as it may 
mention later, it can obtain the lithium 
secondary battery whose voltage 3.9-4. 1V in 
charge and discharge, whose initial-stage 
discharge capacity is 120 mAh/g or more, and 
the 20th cycle capacity degradation is 20 % or 
less. 



[0 0 2 6] [0026] 

immm] [examples] 

fc%Vfi(DM1fcfflR1lktW\$:M It demonstrates the Example of this invention, 

bfftW"t~6# S s and Comparative Example, referring to drawing. 

^P^lir <DMMM\zffltfe&ti This invention is not limited to this Example. 

S&WCfiftl^o fr3o> In addition, it examined identification and crystal 

J$^(DmfeRWffiMiW&liX$li structure of a reaction product by X-ray 

[H]#r (RIGAKU Cu-K diffraction (RIGAKU Cu-Ka 50kV 200mA). 

a 50kV 2 0 0mA) ic It observes the shape of particles with the 

<£ f9 M^tio Ifc^FtDMtfm&lE scanning election microscope (made by JEOL), 

W5ri-&Wfc( H ^SrHKOfc «£ it measured the particle size distribution by the 

VWL&^s ftUS^^fil'— if- laser diffracting and scattering method 

0#f • tfcfUSfe (HONEYWE (HONEYWELL Microtrac particle size 

LLtt 9 & h 7 y$%tL$L distribution measurement apparatus). 

ftjfif)r)\z <£ 0 PJaEl Ltc 0 Xs it Moreover, it measured the specific surface area 
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^S^iiB ET-Mia "9 S'i by the BET one point method. 

[0 0 2 7] [0027] 

immmi] [example i] 

0 . 1 m o 1 /Ltifc^-^l/tfy It puts in the 0.1-mol/L manganese sulfate and 

&<fct>\ 0. 5 mo l/Lffilffe the aqueous solution containing a 0.5-mol/L 

£^fr7k^tf££ 3 0°C<D\EUW sulfuric acid in a 30-degree C thermostat, it let 

f*He:^ti N tyyM^2 0 g the oxygen gas containing the ozone whose 

/Nm 3 (D^yV^r^ipg^;*/ ozone concentration is of 20 g /Nm 3 pass 

^^5. SB^r^iiC, H&ikfxffc through for 5.5 hours, and it performed the 

£tTofc 0 oxidation reaction. 

zki5fcLl 1 0°C^£IL After filtering the obtained solid substance, it 

tc Q El 1 nxB^itffM^TFi'o rinsed and dried at 110 degrees C. 

£$c$5(i JCPDS : No. 3 FIG. 1 shows a X-ray-diffraction figure. 

0-8 20c7)f— Mn0 2 i:|pl The product showed the diffraction pattern 

^(DlelJff/N^-^^^L/Co it similar to e-Mn0 2 of JCPDS:No. 30-820. 

^jg^tfi 17 4 m 2 / g fx 3&l£: The specific surface area was 174m 2 /g and the 

^^PJ^ck V^bbtc/ i?T>fik median size for which it required from the 

(12 1 //mffcofco EDTA particle-size-distribution measurement was 21 

£ <9 , M n ^MZfttif L micrometer. 

Tc^^Mn^Mit5 4.6% As a result of analyzing Mn content by EDTA 

"Cfoo fc 0 method, the Mn content was 54.6%. 

[0 0 2 8] [0028] 

±12 t -Mn 0 2 t 2 . 8 6 m o It carried out the wet blending of the 

\/L<DL i OH-H 2 OtK^^ above-mentioned e-Mn0 2 and the 2.86 mol/L 

£L i /Mn^/WtO. 5 15 LiOH • H 2 0 aqueous solution at Li/Mn molar 

tS«Lfc 0 1 1 ratio of 0.515. 

0°CT*l§fyi Lfc^ f£f£jl After carrying out spray drying of the blend at 

WdZX^ 8 5 0°CC6^r^fl 110 degrees C, it heat-processes this dried 

V Ms^iy^l^^^ product at 850 degrees C among atmospheric 

^b%)Srf^bfCo air for 6 hours, it made lithium manganese 

complex oxide. 
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[0 0 2 9] [0029] 

^ (Dtft^ \z.%t L N Cu^^ It performed the X-ray diffraction which targeted 

y V t LfcX$||Hl#j\ JtSBIi Cu, a measurement of a specific surface area, 

(DMfeio XXf^^MM^^WiM and imaging of a scanning electron micrograph 

^n<DM&£ft^tc 0 IH2(iX to this sample. 

B\eI$t M ^TF-fo ±J&$)li J C FIG. 2 shows a X-ray-diffraction figure. 

PDS : No. 3 5- 7 8 2(D The product showed the diffraction pattern 

LiMn 2 0 4 tWlffi<D\E}$lTs<? similar to LiMn 2 0 4 of JCPDS:No. 35-782. 

— ^^7jkLtz 0 Jt^SHfil. A specific surface area is 1.9m 2 /g. 

9 m 2 / g X*h 9 s * i?T l/%k\$ The median size was 1 9 micrometer. 

1 9/zmtfcofc 0 El3f±£$; FIG. 3 shows the SEM photography of a 

^©SEM?I^fo SEM product 

V±J&$<D—lfcm*MW; SEM photography shows that the 

HlftfiiftXh&Z- kfc$\2>o second-particle shape of a product is a 

grape-like. 

[0 0 3 0] [0030] 

fc\z±U&t&&&fcffi$f l! fa&f£ Next, it produced the positive-electrode 

WsWh LXjE^M^M^M^i^M electrode mixture by making the 

LfCo fitlf tLt#f>ttfcy above-mentioned dried baked non-ground 

f^Avy^f ^WHi^lt^) 8 2 products into an active material. 

IiJt§P<^ #ffl;®]^J^ LTTir It used 82 weight-parts of lithium manganese 

f l/y^7 y ^ 9 fiipP <5r x &n complex oxide obtained as an active material, 9 

%tffl h LT 7 v V Wfe 9 HHpIS weight-parts of acetylene black as a conductive 

ff^fflb LT n — / J-jV— 2 support agent, 9 weight-parts of fluorine resin 

— t:°p U K^SrfflV^-p Lfco as a binder, n-methyl-2-pyrrolidone as solvent, 
±Mffi^JSr * — and mixed. 

Kfe"C7/V5fS^ftiS^©SS It applied the above-mentioned electrode 

0 . 0 1 g/cm 2 <!:/i?)J:3 mixture so that the weight of after drying might 

tiif&fij Lfco 1 5 0°C*t r X^^; become 0.01 g /cm 2 to an Aluminium foil by a 

mk, SllltS^Jroi^i^ doctor blade method. 

L8 0%|:p — Lfc Q It made the roll press 80% to the thickness of an 

1 c n^OM^Xfthtk^'&M initial-stage electrode mixture after 

4 \ZtMt^l^ l/Wfa(V~£M 4 t vacuum-drying at 150 degrees C. 

L,fc c It made it as the positive electrode 4 of the coin 

battery shown in FIG. 4 after the punching in the 
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area of 1cm 



[0 0 3 1] 

hro^tS^ftCL i PF 6 

-*2. AS ^ 1 Sr-gfJ&fe 
$ 2 0 

mm, iJ8 3mm"efcofe 0 



[0031] 

In FIG. 4, as for the negative electrode 5, it used 
a metal Li board, as for electrolyte, it used the 
thing, in which it let 1 mol/L of LiPF 6 s dissolve in 
the equal-volumes blend of ethylene carbonate 
and a dimethyl carbonate, and as for separator 
6, it used the polypropylene porous film. 

The size of the whole battery including the 
positive-electrode case 2. and 
negative-electrode case 1 where it each 
accommodated the positive electrode and the 
negative electrode was about 3 mm of height 
and about 20 mm of contour. 



[0 0 3 2] 

^ffl^tliMO. 2 mA/ 
cm 2 (D£®^4. 3VM 

1 fi A£tTfcfc5*Ta5llU 
^©t, 3. OV^tMLfco 

2 7mAh 

/g-Cfct), 2 OIM^SW 
M^ittl 2 OmAh/g 



[0032] 

It charges to 4.3V by the constant current of 

current-density 0.2mA/cm 2 using the coin 

battery produced by the above, furthermore, it 

charges until an electric-current value becomes 

1 ix A or less with a constant voltage, after that, 

it discharged to 3.0V. 

It repeated this cycle 20 times. 

In FIG. 5 (continuous line) shows the 

charge-and-discharge curve of the coin battery 

where lithium manganese complex oxide of this 

Example is a positive electrode active material, 

and Li metal is the negative electrode. 

From this, the discharge capacity of the first 

cycle of the coin battery of this Example is 127 

mAh/g. 

The discharge capacity of the 20th cycle was 
120 mAh/g, and the discharge capacity 
maintenance factor was 94%. 



6/27/2006 



21/31 Copyright (C) 2006 The Thomson Corporation. 



JP2002-53321-A 



THOMSON 

* * 



[0 0 3 3] [0033J 

[JtftW] [COMPARATIVE EXAMPLES] 

lifffi-ift^^^^Mnl It performed composition by the procedure 

fc^5W^teldfc0'J 1 t^lM<D similar to Example 1 except using the 

^^"C-R'fiKSrfiro fc 0 ^ffl Lfc electrolysis manganese dioxide as the source of 

jc Mn. 

PDS : No. 1 4 — 6 4 4 <D The used electrolysis manganese dioxide 

y — M n 0 2 £ [p]m^lfil#f /N0 ^ showed the diffraction pattern similar to y-Mn0 2 

->£^Lfc 0 Jfc£ffi;»ii4 7 of JCPDS:No. 14-644. 

m 2 / g T\ ^S^^i'J^J: 9 ^ The specific surface area was 47m 2 /g and the 

fcfc^ v^T^^fi 3 . 5/imt v median size which it required from the 

footzo E DT Aj£}d J: 9 , M particle-size-distribution measurement was 3.5 

n^^fi£##f Lfc^q^ Mn micrometer. 

-a^4(i5 8. 6%-Cfoofco As a result of analyzing Mn content by EDTA 

method analyzed, Mn content was 58.6%. 

[0 0 3 4] [0034] 

±15 y — Mn0 2 i:2. 86mo It carried out the wet blending of the 2.86 mol/L 

\/L<DL i OH-H 2 OTk^f$ LiOH • H 2 0 aqueous solution and the 

£rL i /Mn^/WtO. 5 15 above-mentioned y-Mn0 2 by Li/Mn molar ratio 

tS^Lfco SXTMMMt 0.515. 

[oMiUiffeSfe • f^3&rffofc 0 It performed drying and heat processing like the 

Example below. 

[0 0 3 5] [0035] 

rtDfW^U CuW-y It performed the X-ray diffraction which targeted 

v h t LfcX#||eI#r % JtSBnft Cu, and a measurement of a specific surface 

(DMfe&kXffc&MMT&MM area, and imaging of a scanning electron 

^^<Di!j|2&:fTo tc 0 ±J$$)(D micrograph to this sample. 

XJHHj^Tlglfi J C P D S : N o . The X-ray-diffraction figure of a product showed 

35 — 782C0L iMn 2 0 4 <}r the diffraction pattern similar to LiMn 2 0 4 of 

P^mflf^-^&^Lfco JCPDS:No. 35-782. 

it^ffifflfi2. 4m 2 / gX*fo A specific surface area is 2.4m 2 /g. 

V s **JT >>&ti 2 2 ix mtfc The median size was 22 micrometer 
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jtuto m5 mm) 14, *Jt 

IfflHSfflli U Li^ 

/V'i^ttWMttl 1 7mAh 
/gt*S)!5, 2 0-iM^g© 
&«&i:tt8 lmAh/gt, 
M^iUJf 6 9 %T*fco 
fc. 



[0036] 

It produces a coin battery by the procedure 
similar to an Example, it implemented the 
charge-and-discharge test. 
FIG. 5 (broken line) shows the discharge curve 
of the coin battery where the lithium manganese 
complex oxide of this Comparative Example is a 
positive electrode active material, ad Li metal is 
the negative electrode. 

From this, the discharge capacity of the 1st 
cycle of the coin battery of this Comparative 
Example is 117 mAh/g. 

The discharge capacity of the 20th cycle was 81 
mAh/g, and the discharge capacity 
maintenance factor was 69%. 



[0 0 3 7] 

&a»fc«fcjt£B5«# ioo~ 

3 0 0 m 2 / g <D £ -M n 0 2 £ 

s r t ifi *imx-&> , r©yf 
mm<»^mxsj$. Lit v f- v j* 



[0037] 

It is clear from the comparison of an Example 
and Comparative Example that it is possible to 
synthesise lithium manganese complex oxide 
which has a grape-like shape by using e-Mn02 
whose specific surface area is 100-300m 2 /g as 
a raw material, and the coin battery which uses 
this lithium manganese complex oxide as a 
positive electrode active material has a higher 
initial-stage discharge capacity compared with 
the coin battery which uses lithium manganese 
complex oxide, which is compounded using 
y-Mn0 2 as a raw material by the similar 
procedure, as a positive electrode active 
material, and there is also little cycle 
degradation. 



[0 0 3 8] 



[0038] 
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-JfcttStf 5 0m mWT-CB E 
TitM^ 100~300m 
Vg©£ -Mn0 2 £J^£ 



[ADVANTAGE OF THE INVENTION] 

By this invention, it can provide lithium 
manganese complex oxide as a raw material of 
the lithium manganese complex oxide which 
has a grape-like shape, and uses £ -Mn0 2 in 
which the average second particle diameter is 
50 micrometer or less, and the 
BET-specific-surface-area is 100-300m 2 /g as a 
raw material, and without the process of 
pulverization or repeating heat processing, and 
without substituting Mn with another different 
types of element, it can supply the 
non-aqueous-electrolyte secondary cell which 
has a high charge-and-discharge capacity, and 
is excellent in the cycle property. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[Ell] [FIG1] 

MMffl'Vi'EMVtc-^^jfy^ik The X-ray-diffraction figure of the manganic 

#3<DX$^|hI#tI2Io acid compound produced in the Example. 

[0 2] [FIG 2] 

MWlX'tfeWkLKL V f The X-ray-diffraction figure of lithium 

^V^-^^b^jWX^lHltlfllo manganese complex oxide produced in the 

Example. 



[0 3] [FIG 3] 

I^^J'CfNSiLfclJ f^Avy SEM photography of lithium manganese 



S E M^Ko complex oxide produced in the Example. 



[04] [FIG 4] 

MMMRXfltWlX^i^M Ltc V Model of the coin battery in which it uses lithium 
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J*^ yrfyW.ii MitWd&iE manganese complex oxide produced by an 
W^fyvHib LT{£ffl Lfc^ i/ Example and Comparative Example as a 
WfaV>l§-$Mo positive electrode active material. 



[1215] 



[FIG. 5] 



mMMAl$S£®tM<D V ^i^T it is the figure showing the 

yrfyW'a^it^O^lB^^^dW charge-and-discharge curve of the 1st cycle 

t LTf^ffl Ltc ^ 4 >W&(Dl$ and the 20th cycle of the coin battery in which it 

1 1M ? /^&RXfW,2 01M ? uses lithium manganese complex oxide of an 
/vg<7)^-£fcfllfl|&£7F"f Example and Comparative Example as a 

%^(Drf— 7\tM1fc$\<D% ■ Wl positive electrode active material. The curve of 

fiftl&£rx W3k<Drf — :/fiJt|£ a continuous line shows the 

$\<D% • ^Sfl^Sr^^o charge-and-discharge curve of an Example, 



and the curve of a broken line shows the 
charge-and-discharge curve of Comparative 
Example. 



3 rf^^ryY 

4 IE® 



1 and 2 case 

3 Gasket 

4 Positive electrode 



[DESCRIPTION OF SYMBOLS] 



5 &m 

6 ±s<U*-# 



5 Negative electrode 

6 Separator 



[0 3] 



[FIG. 3] 
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[FIGl 1] 
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[0 4] [FIGl4] 
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